Using unique transaction-level microdata, this paper documents profit-shifting behavior by U.S. multinational firms via the strategic transfer pricing of intra-firm trade. A simple model reveals how differences in tax rates, both the corporate tax rates across countries and the dividend repatriation tax rate over time, affect the worldwide profit-maximizing transfer-prices set by firms for intra-firm exports and imports. I test the predictions of the model in the context of the 2004 Homeland Investment Act (HIA), a one-time tax repatriation holiday which generated a discreet change in the incentives for U.S. firms to shift profits to low-tax jurisdictions. Matching individual trade transactions by firm, product, country, mode-of-transport, and month across arms-length and related-party transactions -following Bernard, Jensen, and Schott (2006)yields a measure of the transfer-price wedge at a point in time. A difference-in-difference strategy reveals that this wedge responds as predicted by the model: In the period following passage of the HIA, the export transfer price wedge increased in low-tax relative to high-tax countries, while the import transfer price wedge exhibited the opposite behavior. Consistent with the form of tax avoidance known as "round-tripping", the results imply $6 billion USD of under-reported U.S. exports, nearly $7 billion USD of over-reported U.S. imports, and roughly $2 billion USD in foregone U.S. corporate tax receipts. JEL Codes: F23, H26, F14, H25, H32
Introduction
A large share of international trade takes place within the boundaries of the firm, and as a result the pricing of these transactions does not necessarily reflect market forces. Although trade regulations often require the price to be comparable to those undertaken at arms-length, the firm has many incentives to deviate from the arms-length principle. To take one well-known example, underpricing the exports to and over-pricing the imports from a lower tax jurisdiction will lower the overall global tax burden faced by a multinational firm. Apart from the difficulties this presents to national tax authorities, for economists the result is a large fraction of international trade that may not behave as leading models would predict.
While a large literature looks at the many aspects of international transfer pricing -with profit-shifting motives being a prominent one -the challenge facing researchers is generally one of measurement. Obtaining the substantial amount of firm-level information required to assess whether intra-firm transaction prices mirror those at arms-length is typically only possible via costly audit proceedings. And even when rich data on transactions or balance sheet data at the firm level is available, most existing studies must assume that unobserved country-level heterogeneity that may affect intra-firm pricing decisions -potentially orthogonal to profit-shifting motivesis uncorrelated with country-level tax rates. After all, intra-firm prices could deviate from the arms-length principle for many reasons that are unrelated to corporate tax rates. This paper uses unique data to measure firm-level transfer-price differentials while leveraging a policy change which increased the incentives of profit-shifting. The Homeland Investment Act (HIA) -part of the 2004 American Jobs Creation Act (AJCA) -granted a one-time tax holiday for U.S. firms to repatriate foreign profits from their controlled foreign corporations. Although U.S.
firms are taxed on their global income, they can defer their U.S. tax liability on foreign profitsafter deducting foreign tax credits -until such funds are repatriated back to the United States.
The tax rate for repatriated earnings is therefore intended to remove tax rate differentials from affecting cross-country investment behavior. By lowering the taxes faced by profits held abroad to enter the U.S., the HIA increased the value of such profits to U.S. firms. Indeed, several sources (i.e. Bradley (2016) , Drucker (2011) ) have highlighted the potential role of the HIA in the so-called "round-tripping" of domestic profits, in which a firm transfers profits out of the United Statestypically to low-tax countries -and then moves them back under special tax provisions (in this case, those granted under the HIA) for a lower overall net tax obligation. Strategic use of transfer prices is one such method of moving profits to low-tax jurisdictions.
To accurately measure the transfer-pricing behavior of firms during this policy change, I utilize the transaction-level transfer-price "wedge" first used in Bernard, Jensen, and Schott (2006) . Using restricted access data from a partnership between the U.S. Census Bureau and U.S. Customs Bureau, Bernard, Jensen, and Schott (2006) matched individual arms-length (AL) and relatedparty (RP) transactions along a number of detailed dimensions available in the data, such as firm, country, detailed product, month, and method of transport. When used in the cross-section, the AL-RP wedge between the prices of these transactions amounts to an empirical analogue of the "comparable uncontrolled price" (CUP) method used by regulators to evaluate intra-firm prices against those at arms-length. This paper advances this measurement in two ways. First, section 5.2 extends the cross-sectional evidence to import transactions, and finds patterns of profit-shifting consistent with those based on export transactions. Second, this paper matches the AL-RP wedges with new indicators of the nationality of the ultimate parent company, thereby identifying the U.S. multinational firms -rather than the U.S. affiliates of foreign multinationals -that would likely benefit from the HIA. I first formalize the logic underlying the optimal profit-maximizing transfer pricing behavior following a change in the repatriation tax rate with a simple two-period model that allows for transfer-pricing on both export and import transactions. Following other models of transfer-pricing behavior (see Cristea and Nguyen (2016) ) the firm is free to set any finite transfer-price, but with some nonzero probability is subject to an audit which assesses fines proportional to any deviations from a comparable arms-length transaction. The model demonstrates that the optimal export transfer price is increasing in the repatriation tax rate, whereas the import transfer price is decreasing in the repatriation tax rate. 1
To test these predictions in the data I estimate the differential response of the AL-RP transfer price wedges in the post-HIA period in countries with low relative to high corporate tax rates. This difference-in-difference strategy has a number of attractive features. The variation in statutory tax rates determines which countries would be most profitable for changes to transfer pricing behavior following passage of the HIA. In addition to the appealing measurement of transfer-price wedges in the cross-section, the use of firm-by-product-by-country fixed effects in conjunction with examining changes in the time-series serves to mitigate any time-invariant measurement issues of the transfer-price wedge that may compromise its use in a static setting to capture profit-shifting. 2 The correlation of the change in the transfer-price wedges with low vs high tax countries identifies whether profit-shifting motives are present. I find that the export transfer-price wedges of U.S. multinationals increase in the post-HIA period in countries with relatively low tax rates, consistent with the model's predictions for optimal profit-shifting motives. Moreover, the import transfer-price wedges of these firms move in the opposite direction: decreasing in the post-HIA period in low-tax countries, once again consistent with theory. The classification of multinationals according to the country of tax is critical in these calculations; recalculating these effects for the U.S. affiliates of foreign multinationals yields no evidence of profit-shifting. Applying these coefficients to the magnitude of relevant intra-firm trade yields rough estimates of the impact on trade and corporate tax receipts. Under the preferred specifications, I estimate that the HIA resulted in 6 billion USD of under-reported U.S. exports, 6.8 billion of over-reported U.S. imports, and roughly 2 billion USD of foregone corporate tax receipts.
These results contribute to an expanding awareness of the differential behavior of intra-firm trade flows among international trade economists. A large fraction of this recent research has focused on the role of these trade flows in profit-shifting. 3 The current paper benefits heavily from the data construction methodology outlined in Bernard, Jensen, and Schott (2006) . While the authors show that their export transfer-price wedge is correlated with country-level corporate tax rates in a manner consistent with profit-shifting towards low-tax jurisdictions, the measure is also correlated with several other firm and country characteristics, such as indicators of market power and exchange rate movements.
Corporate tax avoidance has received a large increase in attention by journalists, academics, and national/international institutions in recent years. Zucman (2014) documents that the share of corporate profits booked in tax havens has increased ten-fold since the 1980s to 20 percent of the total. Looking at the mechanisms for profit-shifting activities by firms, a meta-analysis of the 2 Chief among these measurement concerns are whether the arms-length and related-party transactions are truly comparable products, despite the narrow firm-HS10-country-month-method of transport match.
3 For an example of this differential behavior apart from profit shifting, see Neiman (2010) , which demonstrates the differences in the timing and duration of price spells between arms-length and related-party trade. literature by Heckemeyer and Overesch (2013) finds that the manipulation of transfer prices can account for over two-thirds of the measured total effect. Desai, Foley, and Hines (2006) demonstrate that firms with more extensive intra-firm trade are more likely to use tax haven operations. The OECD in particular has advanced an ambitious action plan on "base erosion and profit shifting" (see OECD (2013) ) in response to the increased evidence on these topics.
Several recent papers on transfer-pricing also find evidence of profit-shifting behavior among multinational firms. Davies et al. (2017) demonstrate the granularity of transfer-pricing differentials in France, both across the set of firms and set of destination countries (specifically, those identified as potential tax havens). In their sample, about 25 firms account for 50 percent of the intra-firm trade with tax haven countries. Most recently, Cristea and Nguyen (2016) find evidence for profitshifting by multinationals using detailed firm-transaction data from Denmark. The authors utilize a triple-difference estimation strategy that, uniquely, takes into account strategic manipulation of arms-length prices in order to more closely match the optimal intra-firm transfer prices. Cristea and Nguyen (2016) find that a 10 percentage point decrease in the tax rate of a low tax country leads to a 5.7 percent drop in the export unit values of multinationals. 4
One common challenge confronting these prior empirical studies is the difficulty of fully controlling for time-invariant, unobserved firm-specific determinants of pricing that may be unrelated to profit-shifting motives. A large literature has developed in recent years emphasizing quality differences, transport costs, and other factors influencing pricing-to-market practices by firms. 5 To the extent that these other motivations for a particular country are correlated with statutory tax rates, this behavior could be conflated with profit-shifting. By looking at the changes of a firm-specific price wedge over a narrow time window within firm-product-country categories and coincident with a U.S. policy change, the current methodology largely overcomes this concern.
Several existing strands of literature have used the AJCA/HIA to study firm behavior. One group of papers looks at the effectiveness of the HIA in achieving its stated aim of increasing U.S. investment or hiring. Using different data sources but a similar methodology, both Blouin and Krull (2009) and Dharmapala, Foley, and Forbes (2011) find no evidence that firms repatriating under the AJCA/HIA increased domestic investment or employment. Rather, these papers find that these firms were more likely to increase payouts to shareholders via share repurchases. Although this was not an approved use of the funds as specified under the law, both papers emphasize the fungible nature of cash once it was repatriated back to the United States. Survey evidence in Graham, Hanlon, and Shevlin (2010) confirms that share repurchases were a leading use of funds freed up by the repatriations under the AJCA/HIA. Contrary to these studies, however, Faulkender and Petersen (2012) finds a significant investment response, but only in those firms deemed to be financially constrained. The conflicting results are due to different control samples used for the difference-in-difference regressions.
Perhaps the paper most closely related to the present one is Bradley (2016) , which evaluates profit-shifting activity among multinational firms in the years surrounding the HIA. Using the restricted-access microdata from the Bureau of Economic Analysis, Bradley (2016) finds that affiliate-reported earnings increase by an estimated $17 billion for the express purpose of exploiting the round-tripping benefits from the AJCA/HIA. The paper also looks for evidence of the role of transfer-pricing in particular, using a measure of the related-party trade balance of the multinational firm from the BEAs data on aggregated firm trade. The results support the explanation of transfer-pricing as a mechanism for profit-shifting during this period, but are only statistically significant when restricting the effect to firms with low levels of affiliate permanently reinvested earnings.
The next section provides a brief review of the current state of transfer-pricing regulations and the statutory environment for the international taxation of multinational firms. Section 3 sketches a simple two-period partial-equilibrium model of transfer-pricing to motivate the empirical exercises. Section 4 describes the relevant details of the Homeland Investment Act, and provides basic statistics of its effect in the aggregate. A description of the data and empirical results follows in section 5. Section 6 provides additional discussion of the results and offers some rough back-ofthe-envelope calculations of total goods-related profit-shifting. The final section offers some related areas in need of further research. Recognizing the role that the pricing of intra-firm goods can play in tax avoidance efforts, most national tax authorities have put into place transfer pricing regulations. The foundation for such regulations is typically the arms-length principle, which states that intra-firm transactions should be comparable to those conducted between unrelated parties at arms-length. The OECD has been deeply involved in the coordination and harmonization of the various concepts and regulations in place; there are nevertheless substantial cross-country differences in the regulation of transfer pricing.
There are various official and unofficial methods of fulfilling the arms-length principles in pricing an intra-firm transaction, with the most common being the comparable uncontrolled price (CUP) method. A comparable uncontrolled transaction can be either an internal comparable if "it is between one party to the controlled transaction and an independent party" or an external comparable if it is "between two independent parties, neither of which is a party to the controlled transaction" (see OECD 2010). Fulfilling the comparable requirement is typically the most difficult to evaluate; as a result the OECD has identified a broad array factors to take into account, such as 1) characteristics (features, quality, etc) of the product, 2) functions performed (i.e. risks assumed), 3) the contractual terms, 4) the economic circumstances of the parties, and 5) the business strategies pursued by the parties. Because of this flexibility, any observed difference between arms-length and related-party prices of seemingly similar products may not necessarily indicate tax avoidance by the firm. On the other hand, it provides substantial leeway for firms in setting intra-firm prices.
If no comparable transaction can be identified, several other methods are approved for use by the United States and other countries. Some, such as the resale price and cost-plus methods are margins-based methods, while others are based on transactional profits, such as the profit-split and transactional net margin methods. 6 These other methods generally require a greater burden of documentation, and are consequently less popular.
A Brief Overview of U.S. International Taxation
The United States uses a residence basis for the taxation of multinational firms, taxing the foreign as well as domestic income of its residents. Although U.S. multinational firms incur U.S. tax liabilities on their income earned abroad, they receive credits for any taxes paid to foreign governments. Thus, in principle the U.S. tax liability from foreign earnings is limited to the difference between foreign taxes paid and the tax payments that would have been paid if earnings were taxed at the U.S. rate.
A number of details complicate this general setup. The first is the concept of deferral. U.S. taxation of foreign income occurs only upon repatriation, and so the income earned in a particular period can be re-invested abroad and any U.S. tax liability is deferred until a later date. There are, however, some limitations to the benefits of deferral. Under sub part F provisions of U.S. tax law, certain types of foreign income -principally that from passive investments -is subject to immediate U.S. taxation, even if not repatriated as dividends to the U.S. parent firm.
A second complication comes from the way foreign tax credits are used to reduce the U.S. tax liability. Because the amount of foreign tax credits is limited to the tax obligation under the prevailing U.S. tax rate (such that a firm cannot receive a "refund" for foreign taxes paid above those that would have prevailed in the U.S.), any tax credits above this limit are referred to as "excess foreign tax credits". The current tax system allows a firm to use any excess foreign tax credits from a particular year to reduce their U.S. tax liability on foreign income in any of the two previous years or the subsequent five years. In addition, the foreign tax credit limit is not applied on a country-by-country basis, but rather by summing total worldwide foreign tax payments against total worldwide foreign income.
The combination of selective repatriation based on deferral, and the worldwide averaging of foreign tax credits give multinational firms some control over the U.S. taxes owed on their foreign earnings. Indeed, one would assume that the presence of a separate dividend repatriation tax would distort the behavior of repatriations back to the parent, as firms would find it optimal to keep income growing abroad (particularly in low-tax countries) and free of U.S. tax. However, Hartman (1985) showed that provided 1) the foreign affiliate is mature and financing investments out of retained earnings, and 2) the dividend tax rate is constant over time, then the optimal repatriation decision is independent of the dividend tax rate. Of course, the HIA violates the second condition and therefore led to strategic repatriation decisions by firms based on the conditions and timing of the HIA. See section 3 below, as well as Clausing (2005) , for further discussion of the Hartman (1985) result and the optimal repatriation decision.
A Simple Model of Transfer Pricing and Dividend Remittances
This section outlines a simple model to motivate the empirical results shown below. This partial equilibrium model will share features with a number of recent transfer pricing models; one principal departure will be to separately account for intra-firm imports in addition to intra-firm exports.
Static Model of Transfer-Pricing

Set-up
Consider a multinational firm with a parent incorporated in the home country (i.e. the United States) and an affiliate incorporated in a foreign country. In order to separately consider the transfer-pricing implications of exported and imported goods, I will assume that both the parent and affiliate produce a good that is sold locally as well as exported abroad. Hence, the parent company exports a good from Home and also receives an import from its affiliate in Foreign.
The goods are exchanged between parent and affiliate at transfer prices, and then, acting as the wholesale/distributor, the parent/affiliate sells the traded goods in the local market. For simplicity, I will assume that production F (K) occurs using only capital, and that a fixed fraction (θ h ,θ f ) of the parent/affiliate output is exported abroad. I define the relevant prices below:
• p hh : Arms-length price of parent product in Home This setup implies that the parent and affiliate each engages in three activities: domestic production/sale, exports at transfer prices, and distributor/wholesaler for the imported product. Thus, assuming a tax rate of τ h in the Home economy, the profits of the parent company in Home can be written as:
Similarly, assuming a tax rate of τ f , the profits of the affiliate in Foreign can be written similarly:
The tax authorities state that the intra-firm transaction must be set at arms-length, contingent to a comparable uncontrolled transaction (CUP); however, there is imperfect enforcement. With probability related to λ i i ∈ {h, f } the tax authorities audit the firm and, using the firms armslength price (p hh and p f f ) as the CUP, assess penalties based on the differences between the transfer price and the CUP. After incorporating this feature, the complete firm-level profits can be expressed as:
(1)
In a static version of the model, it is sufficient to take first order conditions with respect to the two transfer price decisions:
(
We can see that in this static case, the firm finds it optimal to under-price intra-firm exports and over-price intra-firm imports whenever the tax rate of the home country exceeds that of the foreign country.
Adding in the Dynamics
Now I take the static structure of the transfer-pricing arrangement from below and build in dynamics in which the firm maximizes profits over multiple periods subject to deferral and dividend repatriation from Foreign to Home. Consider a firm that maximizes Home profits in a two-period version of the above framework, where the firm can repatriate foreign profits subject to a dividend tax rate of τ d . 7
In addition to its existing stock of capital, following Bradley (2016) I assume the foreign affiliate has a stock of cash holdings b f invested in a passive asset earning a rate of return of ρ. I further assume that at the beginning of period 1, the firm is indifferent between moving funds between its stock of cash and its capital stock such that it has exhausted all profitable investments in its scale of production. I denote the dividends remitted to the parent as d i . In the second period all foreign operations are liquidated and sent back to the parent firm. Assuming a discount factor of β, the multinational firm's optimization problem is now:
subject to the constraints:
There are also the following definitions:
[due to constant returns on foreign cash holdings] (9)
Solving through the first order conditions for the transfer prices in this scenario, and assuming an interior solution where the shadow values pertaining to the constraints are zero, yields the following expressions:
and similarly
.
Relative to equation (3), the dividend tax rate affects the optimal transfer price used by the multinational firm. Specifically, the optimal transfer-price on the export side is increasing in the dividend tax rate (the gap between the arms-length and transfer-price widens as the dividend tax rate falls). On the other hand, following the logic of equation (3), on the import side the optimal transfer-price is decreasing in the dividend tax rate.
What about the optimal dividend policy? The first order condition for the first period dividends yields the following intuitive expression:
where Π H 2 is defined as the second period after-tax profits from home production, net of any transfer price penalties. Equation (12) indicates that the optimal first-period dividend repatriation should balance the benefits from repatriation immediately (the left hand side) with the potential to reinvest earnings in the foreign passive asset and repatriate in the subsequent period subject to (assuming τ d 2 < τ d 1 ) a more favorable dividend tax rate (the right hand side). As indicated above, if the dividend tax rate was constant, where τ d 1 = τ d 2 , then consistent with Hartman (1985) the repatriation decision would be independent of the dividend tax rate. Moreover, it is straightforward to see that in a modified model in which agents set expectations over the future dividend tax rate, a fall in the expected rate would induce greater delays in dividend repatriation.
Extending to multiple periods beyond a first repatriation holiday, the altered expectations -specifically, for an additional temporary rate reduction -would serve to increase the stock of foreign asset holdings by Home firms. 8 Taking into account this expectations channel implies that the increased profit-shifting incentives created by the HIA would be persistent, perhaps permanent.
The Homeland Investment Act
This section provides the background and details pertaining to the Homeland Investment Act. An important component of the empirical strategy used in section 5 relates to the timing of this tax law change, and so I will devote particular attention to the specific dates and events that affected the resolution of uncertainty for this provision.
Background
The origins of the Homeland Investment Act date back to the early 1980s and the institution of foreign sales corporations (FSCs), a tax instrument intended to reduce the tax liability of U.S. corporations from profits derived from export activity. Following complaints from the European Community, the WTO ruled in March 2000 that the tax treatment of the FSCs were a form of export subsidy and therefore illegal according to current agreements. Later that year, the U.S. 
The HIA and the Dividends Received Deduction
The HIA allowed firms a one-time deduction of 85 percent of their extraordinary dividends received from additional taxes coming from controlled foreign corporations. Firms could elect to take this deduction beginning on or for one year after the AJCA was signed into law. This dividends received deduction (DRD) lowered the effective tax rate from the maximum statutory corporate rate of 35 percent to 5.25 percent (15% times 35%). There were a number of restrictions on the extraordinary dividends that would qualify for this deduction, and furthermore, on how the repatriated funds could be used by the parent firm.
Extraordinary dividends were defined as being the excess of repatriations during the selected year over the average amount of repatriations during the previous five years, excluding the highest/lowest years. The qualifying dividends were further limited to be the greater amount of 1) $500 million, 2) earnings reported as permanently reinvested on the last audited financial statement on/before June 30, 2003, or 3) 35 percent of the tax liability of those permanently reinvested earnings. Finally, the qualifying amount was reduced by any increase in the amount of related-party debt incurred by foreign subsidiaries between October 3, 2004 and the close of the tax year for which the firm claimed the dividends received deduction. This final requirement was intended to prevent the practice of "intra-group lending" whereby a parent corporation loans funds to a foreign subsidiary, who in turn remits the cash back in the form of a cash dividend. 11
There were also restrictions on the uses of the repatriated funds. After requests for clarification 11 Such strategies were at the forefront of the minds of tax strategists as the debate on the HIA progressed. A 2003 article (see Pulizzi (2003) ) referencing the HIA had as a headline: "Proposed US Tax Break Could Add Supply to Eurobond Mkt." regarding these rules, in January 2005, the IRS released further guidance on the restrictions on the uses of the money received from the extraordinary dividend. The uses of these funds was generally limited to hiring or training of workers, infrastructure or capital investments, research and development, and certain administrative expenses and debt repayments. Expenditures that were explicitly prohibited were executive compensations, inter-company distributions, dividends and stock buybacks. The law required the CEO to submit a domestic reinvestment plan to accompany the firm's financial statements in the year of the repatriation.
For more details on the restrictions of the DRD, see Redmiles (2008) .
The Effects of the HIA in the Aggregate
According to statistics compiled in Redmiles (2008) , roughly 850 corporations repatriated $362 billion as part of the HIA in the years [2004] [2005] [2006] . Of this amount, $312 billion qualified for the deduction. As reported in Figure 1 , this amounted to a quantity of net dividends that was roughly 10 times higher than the average in the years leading up to the DRD. Table 1 documents the top 10 source countries of the funds repatriated as part of the HIA.
Apart from the Netherlands, Canada, and the United Kingdom, the other top-10 countries had pre-2003 statutory tax rates that were significantly less than the U.S. tax rate -by 15 percentage points or more. The case of Netherlands is striking: although the maximum statutory tax rate was 34.5 percent in 2004, the so-called participation exemption excludes capital gains, dividends from qualifying subsidiaries, and profit-participation loan interest from corporate tax. These exemptions, together with a large range of bilateral tax treaties, has given the Netherlands a reputation as an international tax haven despite its high statutory tax rate. 12
For the purposes of this paper, the exemption of dividend taxation by countries such as the Netherlands makes infeasible a direct mapping between the countries involved with transfer pricing transactions and the dividend repatriations. Although the optimal countries to engage in trade transactions should exhibit a low tax environment, the affiliate profits could subsequently be transferred as tax-free dividends to countries, such as the Netherlands, provided the appropriate tax treaties are in place.
Empirical Results
Data Description
A principal contribution of this paper is the use of unique microdata that measures transfer-pricing (2013), taking care to ensure that definitional issues remained consistent across the datasets.
The AL-RP Transfer Price Wedge
From the raw LFTTD dataset, I first remove any transaction that has a missing, imputed, converted, or zero quantity. For the transactions that remain, I construct the unit value as the total value per unit of quantity, and define the AL-RP wedge as in Bernard, Jensen, and Schott (2006) where:
The cup f icmt is defined as the average across all arms-length transactions for a firm f product i to/from country c in month t by transport mode m. The AL-RP wedge measures the difference between the actual related party unit value (price) and that implied by an empirically-constructed comparable uncontrolled price (specifically, using an internal comparable transaction).
New to this paper is calculating the identical transfer-price wedge using import transactions.
There is an important conceptual distinction between the AL-RP wedge calculated using export transactions data and that using the import transactions. On the export side, this strategy takes a product produced by a particular U.S. firm and then measures the differential observed selling price -in a given month, country, and mode of transport -to an intra-firm affiliate compared to an average across arms-length buyers. On the import side, this strategy is somewhat different. It takes a product imported by a particular U.S. firm, and then measures the differential observed price that product is purchased -in a given month, source country, and mode of transport -from an intra-firm affiliate compared to an average across arms-length sellers. The difference is subtle but important to keep in mind. Practically speaking, because the producing firm is the same, it is more likely that the export AL-RP wedge reflects identical products within the detailed HS-10 coding system. The import-based AL-RP wedge relies somewhat more heavily on the HS-code-based differentiation of product attributes. 16 Bernard, Jensen, and Schott (2006) compute the average export AL-RP wedge for the years 1993-2000 (encompassing roughly 3.5 million observations) and find an average value of 0.43 log points (standard deviation of 1.77). For the same sample period, I find an average import AL-RP wedge of 0.18 log points (standard deviation of 1.39). This import wedge is higher for differentiated products (as measured by Rauch (1999) ) at an average of 0.28 log points, than commodities (0.08 log points). Table 2 shows the mean and standard deviation of the export and import wedges.
Connecting these measures to country-level corporate tax rates is a first step in evaluating potential profit-shifting activity. The first two columns of Table 3 replicates results from Table   5 in Bernard, Jensen, and Schott (2006) , showing that lower corporate tax rates are associated with larger export AL-RP wedges or lower intra-firm export prices. The columns (3) and (4) of Table 3 replicate this exercise for the import AL-RP wedges. Remarkably, after controlling for product-level fixed effects in column (4), the import AL-RP wedge has the opposite sign as the export AL-RP wedge specification, which is consistent with profit-shifting motives as specified in equation (3) above.
Sample Construction
Not all firms were eligible for the DRD under the HIA, nor would many find it optimal to participate or find transfer-pricing strategies to be an effective method for minimizing their global tax burden.
Although the IRS does not disclose lists of firms electing to participate in the HIA DRD, it is not clear that the scope of transfer-pricing effects would be limited to simply this subset of firms. It's possible that firms with little existing (as of 2004) reinvested earnings abroad would not participate in the HIA, but would nonetheless respond to the expectations for additional repatriation holidays by increasing the use of this form of tax avoidance. At present, I make no attempt to refine the sample of firms based on information on participation in the DRD, though its possible that the 16 One approach that could be used to narrow yet further the transaction-level match for the import transactions is to utilize the "manufacturer ID" variable on the LFTTD import database. This code, up to 15 characters in length, is meant to capture identifying information for the foreign manufacturer of a particular import transaction. For further details of this variable, see Monarch (2014) or Kamal, Krizan, and Monarch (2017) . On the one hand, it is potentially plant-specific and therefore an improvement over the firm-based definition of production used on the export side. On the other hand, the limited firm and address information in the code itself may pose issues for differentiation, and the variable is less commonly used by researchers.
failure to do so may work against the identification of strategic responses to the DRD. 17 After applying the cleaning procedures outlined above, I keep the six quarters before and after passage of the Homeland Investment Act, leaving a sample covering the years 2003Q1 to 2005Q4.
In an attempt to limit one-off observations that will not provide useful information, I also limit the sample to only include those transactions for which the firm-product-country occurs more than four times during this two-year period. 18 Finally, the baseline results will use only those firms identified as U.S. (as opposed to Foreign) multinationals.
Results
The difference-in-difference specification described below exploits variation in the transfer-price wedges both across a narrow window of time (pre and post passage of the HIA) and across tax jurisdictions. I operationalize this specification as follows:
The P ost t variable is an indicator variable equal to one for the six quarters following the passage of the American Jobs Creation Act (2004Q3 to 2005Q4) . 19 The LowT ax c variable is also an indicator, equal to one for those countries with a statutory corporate tax rate below 25 percent -10 percentage points below that of the U.S. federal corporate rate. 20 The µ f ic fixed effects remove average differentials that may or may not be affected by profit-shifting considerations in the steady state; thus, the α 2 coefficient provides the additional effect induced by the HIA in potential profit-shifting to low-tax countries. Bertrand, Duflo, and Mullainathan (2004) argue that the failure to account for serially correlated outcomes in the computation of standard errors can potentially invalidate many difference-indifference estimates. While the problem of serial correlation in this context is mitigated via the use of high-dimensional fixed effects and a relatively short time-series dimension (3 years), plausible 17 A method used by Blouin and Krull (2009) and others to construct a DRD-relevant sample is to review Compustat firms for FSP 109-2 disclosures about the financial statement effects of the AJCA Act, as well as 10K forms. While promising, Census confidentiality and disclosure limitations may limit the feasibility of this approach for this study.
18 Alternatively, I also try limiting the sample by removing large outliers based on swings in unit values -removing unit value changes greater than 200 percent. The results are qualitatively the same.
19 According to Redmiles (2008) 20 For a list of the potential trading partners that meet this threshold, see Appendix Table A1 .
scenarios exist that would require correction of standard errors. For the export wedge, the introduction of new products by a firm within a detailed HS-10 product category may lead to correlated values of the AL-RP wedge within a pre/post period. In addition, country-level pricing practices apart from tax policies may also introduce serially correlated errors. To account for these possibilities, I use two-dimensional clustering -by firm-product and country -utilizing the methodology described in Cameron, Gelbach, and Miller (2011) , which also allows for high-dimensional fixed effects. On the import side one may additionally worry about the variation in firm-products in a country that compose the arms-length price matched to the intra-firm price; for this reason I cluster the errors by firm-product-country on the import side.
The results using the export AL-RP wedge are shown in Table 4 , with unweighted regression results in column (1) and weighted (by arms-length values) in column (2). As predicted by theory, the export AL-RP wedge expands in low-tax countries during the period following passage of the HIA. Relative to the baseline effects, the wedge increases by somewhere on the order of 0.08 and 0.54 log points in low-tax countries in the period following the HIA. For further supportive evidence of firm response following the HIA, I look to the evidence provided by the import AL-RP wedges.
Shown in Table 5 , the import-based results show the opposite sign on the α 2 coefficient, consistent with the export-based results and theory outlined above. The import wedge decreases by 0.11 to 0.25 log points in low-tax countries on average in the six-quarters following the passage of the HIA, once again relative to baseline effects.
For a useful robustness test to check the validity of these findings, I turn to the sample of foreign multinationals. These firms are subject to a different system of taxation, and would likely not have found the DRD applicable. According to the survey evidence from Graham, Hanlon, and Shevlin (2010) , for the DRD to be an attractive option a foreign parent would need to have a structure such that non-U.S. subsidiaries were themselves organized as underneath a U.S. subsidiary. This structure is not common. however, due to the associated tax disadvantages. With this in mind I re-run the specification above for the sample of foreign multinationals. The results are shown in Table 6 . Relative to the sample of U.S. multinationals, on the export side I find the opposite effect: the transfer-price wedges corresponding to low-tax countries in the post-period are relatively smaller. 21 The coefficient for the import AL-RP wedge is also negative, but insignificant. These additional results support the notion that it is the effects of the HIA, rather than something else, that are driving the results captured by the specification in equation (14). Tables 4 and 5 to gain a sense of the aggregate effects of these results on trade flows and foregone tax revenue. To compute the effects on trade, I multiply the coefficients by the overall amount of related-party trade to/from low-tax countries of the firms included in the baseline samples from Tables 4 and 5. To then calculate the implied foregone tax revenue, I apply the country-specific statutory tax rate differential with respect to the United States. The precise calculation of implied foregone tax revenue is described below:
I use the coefficients from
Foregone Tax Revenue (Imports) = (−1)
where C is the set of countries in Table A1 , and J E and J I are the set of firms in the samples underlying Tables 4 and 5 respectively.
Although the weighted coefficient estimates are the most appropriate for this aggregation exercise, Table 7 also displays the results using the unweighted coefficients. Panel A of Table 7 demonstrates that net exports during the 2003Q3-2005Q4 period were under-reported by roughly $12.7 billion dollars, or roughly $4 billion dollars using the unweighted coefficients. Panel B shows that the tax loss from the HIA due to round-tripping was approximately $2 billion dollars. Although this is a relatively small share of overall corporate tax revenues, it is roughly 50 percent of what Joint Committee on Taxation estimated as the cost of the bill (3.5-3.9 billion USD, see Joint Committee on Taxation (2004)). Nevertheless, the values in Table 7 should be understood as back-of-the-envelope estimates, as there are a number of factors that could lead to a bias in either direction. On the one hand, the estimates based on equations (15) and (16) Tables 4 and 5 , foreign multinationals may have felt compelled to transfer some resources to their U.S. affiliates. Because the typical foreign multinational parent is headquartered in a country whose statutory tax rate is not that dissimilar to that of the U.S., the global tax implications of this transfer would be small. A more formal test of this explanation would involve documenting the industry composition of the foreign vs U.S. multinational transfer-pricing behaviors.
corresponding to the firms in my sample. Finally, it is important to emphasize that these estimates are the result of the additional increase in profit-shifting incentives due to the HIA, and not the effect of transfer-pricing related profit-shifting more generally.
6 Discussion and Quantitative Exercise
Additional Measurement Issues
The estimates in this paper are consistent with a growing body of research that shows that profitshifting generally -and transfer-pricing behavior in particular -is prevalent among multinational firms. The concern with prior empirical results is typically that the measurement of transfer prices is an imperfect analogue to the CUP methods used by both firms and tax authorities, or, that the regressions of such measures of transfer prices with country-level tax rates suffer from omitted variables that bias the conclusions. The approach of the current paper addresses both of these concerns. First, matching intra-firm trade prices at the firm-product-country-month level with arms-length trade prices creates a conceptually accurate measure of the object under study.
Second, applying these measures to a pseudo natural experiment of a policy change removes many potentially conflating factors.
An illustration of the challenges confronting traditional measurement of profit-shifting via transfer price behavior comes from considering the difficulties in accounting for product heterogeneity.
Even in the context of the AL-RP transfer price wedge calculated above, relying on a narrow matching strategy that includes firm, country, and HS-10 product categories, there is still scope for product-level differences -particularly in quality and other product attributes within an HS-10 code -to distort the interpretation of the AL-RP wedge as indicating strategic behavior. Product quality is notoriously hard to capture, and some disaggregated HS codes actually include a large variety of diverse products. Further, it is possible that such discrepancies of product attributes could be correlated with country-level characteristics that align with corporate tax rates, etc. What one concludes from the results in Table 3 , for example, could be subject to this concern. The benefits of the strategy used in this paper is that, to influence the results we obtain such discrepancies in the products within these narrow bins would need to also be changing systematically at a point in time that is also correlated with country-level tax rates. This additional layer of detail makes a spurious connection in these results unlikely.
One fair concern with the interpretation of the results from equation (14) is whether the periods used for the pre-and post-HIA environments accurately capture the timing of a firms' strategic response. If the HIA was anticipated by firms, it would have reduced the incentive to repatriate profits ahead of time for two reasons: 1) any current repatriation would be more costly than that under the holiday, and 2) because current dividends were used to calculate the firm-specific definition of "extraordinary" dividends that qualified for the deduction. The incentive to shift money abroad via transfer-pricing, however, would go in the opposite direction: firms would find it optimal to move money abroad to low-tax environments in anticipation of an impending, low-cost repatriation, making it more difficult to pick up the expected effect in the data. And, as indicated in section 4 the House vote in June 2004 implies that substantial uncertainty existed until at least June 2004, in line with the pre/post separation in equation (14).
The joint Customs/Census data on the unit values of goods trade provides valuable information for measuring strategic transfer pricing; however, the most well-known examples of transfer price manipulation are intangible transactions (i.e. intellectual property, patents, and the like) that are not systematically recorded in official data sources. One might be surprised that the goods transactions show such clear evidence of strategic behavior, particularly when intra-firm trade of services or intangibles would provide a more discrete option during the . On the other hand, the stock of intangibles to be traded among multinational affiliates is limited, and prior motives for profitshifting may have exhausted these on-off opportunities. Trade in goods -which are more frequent as part of the complex multi-country production-sharing arrangements among multinational firms -may have been a convenient alternative. Nevertheless, the results above which abstract away from services and intangibles trade may under-state the true extent of profit-shifting induced by the HIA.
Quantifying Goods-Related Profit-Shifting
The results from section 5 confirm the results of other studies that document the presence of intrafirm goods trade as a mechanism of profit-shifting for multinational firms. For the United States, the incentives for profit-shifting have increased over time -apart from the HIA -as the difference between the U.S. statutory corporate tax rates and those of its trading partners has widened. Panel A of Figure 2 plots the time series of the U.S. corporate tax rate (black line) against the average trade-weighted tax rate of the destination exports (dashed blue) and origin imports (dashed red). 22
In the early 1990s there was little difference between the U.S. rate and those of its average trading partner; however, by 2015 this gap has grown to roughly 13 percentage points.
For a rough quantitative estimate of the amount of intra-firm goods-related profit-shifting that would be implied by the static coefficient estimates over time, I apply the coefficients from table 3 to the corporate tax rate differentials of country-level intra-firm trade. 23 . Similar to equations (15) and (16) I construct:
where we now use the yearly intra-firm trade aggregates for each country. Formally, the average trade-weighted statutory corporate tax rates are defined as
where xit is exports to country i in year t, and mit is imports from country i in yeart. 23 The coefficients are actually from a similar specification, but one that controls for tariff rates that may also affect transfer prices. These coefficients are slightly attenuated compared to those in Table 3 24 Moreover, the formulation of the estimates above are somewhat simplistic. For just one example, note that the coefficient from the transfer price wedge microdata is fixed for a period of time, and does not adjust across years.
narrowly-defined transaction pairs -increases for low-tax countries in the period following the passage of a one-time dividend repatriation tax holiday; the comparable gap between arms-length and related-party import prices decreases for low-tax countries during this same period. Both of these results point to strategic profit-shifting activity by U.S. multinationals. By moving income outside of the United States with transfer pricing, profits could be declared in low-tax environments and then brought back under the terms of the tax repatriation holiday -a strategy popularly known as "round-tripping". While such behavior is widely believed to exist, the unique microdata used in this paper allows for an empirical test that escapes the many pitfalls of prior efforts.
Apart from highlighting the importance of tax avoidance behavior by multinational firms, the results of this paper demonstrate that intra-firm trade prices do not always correspond to the allocative market values that international trade economists typically model. The implications of this can be far-reaching. To give one example, the scope for trade to adjust to external factors in an economy depends on whether the initial trade allocations were influenced by market conditions, rather than the accounting practices of multinational firms. The differential behavior of arms-length and related party trade flows is an area in need of further research. Table A1 . Standard errors clustered by firm-product and country following the methodology of Cameron, Gelbach, and Miller (2011) . Column (2) weights the estimates using the arms-length export value. *** p< 0.01, ** p< 0.05, * p< 0.1 (1) and (2) standard errors are clustered by firm-product and country following the methodology of Cameron, Gelbach, and Miller (2011) ; in columns (3) and (4) they are clustered by firm-product-country. Columns (2) and (4) weight the estimates using the arms-length export value. *** p< 0.01, ** p< 0.05, * p< 0.1 (15) and (16) in the text. The discussion below is an abbreviated form of the full technical note (see Flaaen (2013) ) documenting the bridge between the DCA and the Business Register. The second source used to identify multinational firms comes from Uniworld Business Publications (UBP). This company has produced periodic volumes documenting the locations and international scope of i) American firms operating in foreign countries; and ii) foreign firms with operations in the United States. Although only published biennially, these directories benefit from a focus on multinational firms, and from no sales threshold for inclusion.
Because there exist no common identifiers between these directories and Census Bureau data infrastructure, we rely on probabilistic name and address matching -so-called "fuzzy merging" -to link the directories to the Census data infrastructure.
A.1.2 Background on Name and Address Matching
Matching two data records based on name and address information is necessarily an imperfect exercise. Issues such as abbreviations, misspellings, alternate spellings, and alternate name conventions rule out an exact merging procedure, leaving the researcher with probabilistic string matching algorithms that evaluate the "closeness" of match -given by a score or rank -between the two character strings in question. Due to the large computing requirements of these algorithms, it is common to use so-called "blocker" variables to restrict the search samples within each dataset. A "blocker" variable must match exactly, and as a result this implies the need for a high degree of conformity between these variables in the two datasets. In the context of name and address matching, the most common "blocker" variables are the state and city of the establishment.
The matching procedure uses a set of record linking utilities described in Wasi and Flaaen (2015) . This program uses a bigram string comparator algorithm on multiple variables with differing user-specified weights. 25 This way the researcher can apply, for example, a larger weight on a near name match than on a perfect zip code match. Hence, the "match score" for this program can be interpreted as a weighted average of each variable's percentage of bigram character matches.
A.1.3 The Unit of Matching
The primary unit of observation in the DCA, UBP, and BR datasets is the business establishment. Hence, the primary unit of matching is the establishment, and not the firm. However, there are a number of important challenges with an establishment-to-establishment link. First, the DCA (UBP) and BR may occasionally have differing definitions of the establishment. One dataset may separate out several operating groups within the same firm address (i.e. JP Morgan -Derivatives, and JP Morgan -Emerging Markets), while another may group these activities together by their common address. Second, the name associated with a particular establishment can at times reflect the subsidiary name, location, or activity (i.e. Alabama plant, processing division, etc), and at times reflect the parent company name. Recognizing these challenges, the primary goal of the matching will be to assign each DCA (UBP) establishment to the most appropriate business location of the parent firm identified in the BR. As such, the primary matching variables will be the establishment name, along with geographic indicators of street, city, zip code, and state.
A.1.4 The Matching Process: An Overview
The danger associated with probabilistic name and address procedures is the potential for false-positive matches. Thus, there is an inherent tension for the researcher between a broad search criteria that seeks to maximize the number of true matches and a narrow and exacting criteria that eliminates false-positive matches. The matching approach used here is conservative in the sense that the methodology will favor criteria that limit the potential for false positives at the potential expense of slightly higher match rates. As such, the procedure generally requires a match score exceeding 95 percent, except in those cases where ancillary evidence provides increased confidence in the match. 26 This matching proceeds in an iterative fashion, in which a series of matching procedures are applied with decreasingly restrictive sets of matching requirements. In other words, the initial matching attempt uses the most stringent standards possible, after which the non-matching records proceed to a further matching iteration, often with less stringent standards. In each iteration, the matching records are assigned a flag that indicates the standard associated with the match.
See Table A2 for a summary of the establishment-level match rate statistics by year and type of firm. Table A3 lists the corresponding information for the Uniworld data. 25 The term bigram refers to two consecutive characters within a string (the word bigram contains 5 possible bigrams: "bi", "ig", "gr", "ra", and "am"). The program is a modified version of an existing string comparator algorithm by Michael Blasnik, and assigns a score for each variable between the two datasets based on the percentage of matching bigrams. See Flaaen (2013) or Wasi and Flaaen (2015) for more information. 26 The primary sources of such ancillary evidence are clerical review of the matches, and additional parent identifier matching evidence.
4. If one particular type of link yields an employment share above 0.5 and total firm employment is below 10,000, then apply that link to all establishments within the firm.
5. All other cases require manual review.
Potential 3: A Census-identified firm in which one establishment is matched to a nonmultinational firm, and another establishment is matched to a foreign-country parent firm (or U.S. multinational firm). Apply same steps as in Potential 2. 
